Community-acquired methicillin-resistant Staphylococcus aureus (CA-MRSA) is now an established pathogen in many communities in the United States, as well as in the world [1] [2] [3] [4] . In some areas, MRSA isolates account for the majority of S. aureus infections acquired in the community [5] . Skin and soft-tissue infections are the predominant types of CA-MRSA infections, but invasive and life-threatening infections are major concerns [5] [6] [7] . Although several clones of CA-MRSA have , by x 2 test for trend P p .008 of yearly percentage of infections with community-acquired methicillinresistant S. aureus isolates (MRSA). MSSA, methicillin-susceptible S. aureus isolates. tutional Review Board of the Baylor College of Medicine (Houston, Texas) approved this study. Medical records of patients cared for at TCH who had a culture positive for S. aureus were reviewed. Information was gathered primarily from the central hospital information system. Patient data (e.g., demographics, underlying diseases, previous hospitalizations, primary diagnosis, and days of hospitalization) and isolate information (e.g., antimicrobial susceptibilities) were collected on a standardized form [10] . The patients and their respective isolates were classified according to 3 categories: (1) community-acquired isolates (2) nosocomial or hospital-acquired isolates, and (3) health-care associated, not hospital-acquired isolates in patients with frequent exposure to a health care facility because of an underlying condition, especially asthma or eczema. For this study, only community-acquired infections are being reported.
Definitions. Organisms were considered to be communityacquired if (1) the isolate was recovered within 48 h of hospitalization, (2) the isolate was obtained from an outpatient, with certain exceptions (see exclusion criteria below), or (3) the isolate was recovered after 48 h of hospitalization but clinical evidence clearly suggested that the infection was community-acquired (e.g., if a patient with no previous hospitalizations was admitted with osteomyelitis and, after 48 h of hospitalization, underwent surgical drainage, a specimen of which grew S. aureus). Exclusion criteria were (1) presence of any underlying illness possibly predisposing to frequent hospitalizations or frequent visits to medical facilities (e.g., immunodeficiency, cystic fibrosis, chronic renal failure, history of malignancy, asthma, or chronic skin illness); (2) the presence of indwelling catheters or percutaneous medical devices at the time specimens were obtained for culture, or any surgical site infection; and (3) hospitalization within the past year, excluding that of normal newborns. Invasive infections were defined as infections in the bloodstream, lymph nodes, mastoids, CNS, bones or joints, muscle, lungs, or pleural fluid, and superficial infections were defined as soft-tissue, wound, or skin infections.
Isolates. The clinical microbiology laboratory of TCH isolated S. aureus strains and determined antibiotic susceptibilities (to clindamycin, erythromycin, gentamicin, oxacillin, penicillin, trimethoprim-sulfamethoxazole, and vancomycin) by disk diffusion, using the methods and interpretation guidelines of the NCCLS. Testing for inducible macrolide, lincosamide, and streptogramin B (MLS B ) resistance was routinely performed [12] . The isolates were stored in horse blood at Ϫ80ЊC in the infectious disease laboratory until further use. Statistical analyses were performed using the x 2 test or the x 2 test for trend, for dichotomous variables, with the use of True Epistat (Epistat Services). 
RESULTS
During the 3 years of the study, 3578 S. aureus isolates were associated with community-acquired infections; 2659 (74%) of the isolates were MRSA. The percentage of communityacquired S. aureus isolates that were methicillin resistant was 71.5% (551 of 771 isolates) in year 1, 73.5% (915 of 1245 isolates) in year 2, and 76.4% (1193 of 1562 isolates) in year 3 ( ) ( figure 1 ). The number of both CA-MRSA and P p .008 CA-MSSA isolates increased yearly, but the increase was greater for the CA-MRSA isolates (2.2-fold vs. 1.7-fold increase). The monthly distribution of community-acquired S. aureus isolates during the 3 study years demonstrated increased numbers of isolates among corresponding months from year to year, as well as similar seasonal peaks in the number of cases each year during the summer months (figure 2).
Of the CA-MRSA isolates, 2542 (95.6%) were recovered from children with skin and soft-tissue infections, and 117 (4.4%) were obtained from children with invasive infections. Of the CA-MSSA isolates, 853 (91.8%) were associated with skin and soft-tissue infections, and 76 (8.2%) were associated with invasive infections. CA-MSSA isolates were significantly more likely than CA-MRSA isolates to be associated with invasive infections ( ). P p .00002 Overall, among children with skin and soft-tissue infections, 62% of those with CA-MRSA isolates and 53% of those with CA-MSSA isolates were admitted to the hospital ( ). P p .0002 The number of children admitted to TCH per year with skin and soft-tissue infections caused by CA-MRSA or CA-MSSA isolates has increased, particularly for the CA-MRSA group (figure 3). Over the 3 years of the study, the number of skin and soft-tissue infections caused by CA-MRSA isolates showed a significantly greater increase for both inpatients ( ) P p .0001 and outpatients ( ), compared with the number caused P p .05 by CA-MSSA isolates. The mean duration of hospitalization for children with skin and soft-tissue infections was 4.0 days (median, 3 days) for the CA-MRSA group and 4.4 days (median, 4.0 days) for the CA-MSSA group.
Age and race/ethnicity. The age distribution for the children with CA-MRSA and CA-MSSA infections over the 3 study years is shown in table 1. The 2 isolate groups did not differ with respect to age distribution overall, or when analyzed for systemic infection versus skin or soft-tissue infection. Furthermore, the age distribution over the 3-year period did not change, because the number of cases increased yearly for all age groups (figure 4).
The racial/ethnic distribution for children with CA-MRSA and CA-MSSA infections is shown in table 2. The number of cases increased yearly for all the major racial/ethnic groups. The distribution of racial groups differed significantly between the 2 isolate groups (P !.000001); overall, 39.3% and 27.1% of children were African American in the CA-MRSA and CA-MSSA groups, respectively.
Sites and types of invasive infection. The number of cases of invasive infection caused by CA-MRSA isolates in years 1, 2, and 3 was 30, 40, and 47, respectively, and the number caused by CA-MSSA isolates was 24, 29, 23, respectively. Although the number of cases of invasive infection appeared to be increasing more for the CA-MRSA isolates than for the CA-MSSA isolates, 
the difference was not significantly different (
). The sites P p .18 of the invasive infections are shown in table 3. Musculoskeletal and pulmonary infections were the most common invasive infections caused by CA-MRSA isolates, whereas osteomyelitis, septic arthritis, bacteremia, and lymphadenitis were the most common types of invasive CA-MSSA infection. Over the 3 years of the study, 4 children with invasive infections died as a result of S. aureus infection; 3 of these children were infected with CA-MRSA isolates, and 1 was infected with CA-MSSA. The ages of these children were 1.5, 3.8, 13.4, and 14.1 years.
Antibiotic susceptibilities. The rates of clindamycin or erythromycin resistance for CA-MRSA and CA-MSSA isolates during the 3 years of the study are shown in table 4. Clindamycin resistance increased significantly among both CA-MRSA isolates (
) and CA-MSSA isolates ( ) over P p .003 P p .00003 the 3 years, although resistance remained at low levels (percentage range of CA-MRSA isolates with resistance, 2%-6%). Each year, ∼95% of CA-MRSA isolates were resistant to erythromycin, compared with 44%-50% of CA-MSSA isolates. The distribution of clindamycin susceptibilities for all 3 years is shown in figure 5 . The number of CA-MRSA isolates with inducible MLS B resistance increased each year. Inducible MLS B resistance was found in 27 (44%) of the 62 clindamycin-resistant CA-MSSA isolates, compared with 6 (4.5%) of 132 clindamycin-resistant CA-MRSA isolates (P !.000001). Virtually all community-acquired S. aureus isolates were susceptible to trimethoprim-sulfamethoxazole each study year.
DISCUSSION
CA-MRSA infections are increasing in the United States and many other areas around the world. Infections caused by these organisms have been observed in many different patient populations, including children, neonates [13] , prisoners [14], military personnel [15] , athletes [16] , HIV-infected individuals [17] , and patients with eczema [17] , among others. The vast majority of CA-MRSA infections are skin and soft-tissue infections.
In February 2000, one-third of community-acquired S. aureus isolates recovered from children at TCH were already found to be MRSA; by November 2000, that proportion had increased to one-half [5] . In September 2000, the TCH medical staff received a letter indicating that the majority of S. aureus isolates obtained from children with community infections seen at TCH were MRSA. Obtainment of specimens for culture from all abscesses and skin lesions, when possible, as well as from other sites, was highly encouraged, and management strate- gies with antibiotics were suggested. Prospective surveillance of community-acquired S. aureus infections at TCH was initiated on 1 August 2001. Over the next 3 years, we observed increasing numbers of S. aureus infections yearly for both MSSA and MRSA isolates. In addition, an increasing number of children have been admitted to the hospital each year because of skin and soft-tissue infections. Because the letter encouraging medical staff to obtain specimens for culture was mailed almost 1 year before this current surveillance started, and because the number of admissions related to S. aureus infections have increased dramatically, we do not believe the increasing numbers of S. aureus infections during the 3 years of this report can be explained simply by the more frequent or aggressive performance of culture for skin and soft-tissue infections.
The 7-valent pneumococcal conjugate vaccine (PCV7) was licensed in 2000, and by mid-2000 it was routinely administered to infants, starting at age 2 months. PCV7 vaccination is associated with a decrease in the nasal colonization of the 7 serotypes contained in the vaccine. Two groups have observed that children who either were not colonized in the anterior nose with pneumococci or were colonized with nonvaccineserotype pneumococci were more likely to be cocolonized with S. aureus than were children whose anterior nares were colonized with pneumococci of the serotypes in the conjugate vaccine [18, 19] . The authors of those studies suggested that S. aureus and PCV7 vaccine-serotype pneumococci compete for colonization sites in the anterior nares. Furthermore, an increased incidence of S. aureus-related acute otitis media was noted among children 112 months of age who received PCV7 followed by 23-valent pneumococcal polysaccharide vaccine, compared to the incidence among children who received control vaccine [20] .
Is there a relationship between the increasing numbers of community-acquired S. aureus infections we have observed in the children at TCH and the widespread use of PCV7? If there is an association, it is reasonable to suggest that since PCV7 is administered predominantly to children !24 months of age, this age group should account for an increasing proportion of all the infections caused by S. aureus. During the 3 years of the study, the age distribution of the infections did not change substantially. The proportion of cases occurring in children aged !12 months or in those aged 13-24 months was virtually identical for each of the 3 years. Thus, our data would not support the idea that the use of PCV7 is associated with the increasing numbers of S. aureus infections we encountered.
Several different molecular-typing schemes have been developed for S. aureus and have been useful in the analysis of the epidemiology of the CA-MRSA isolates. Using PFGE fingerprints for a national database of MRSA isolates, McDougal et al. [8] described 8 lineages, designated "pulsed-field type," clusters USA100 through USA800. The developed nomenclature was confirmed with 2 other molecular-typing methods, multilocus sequence typing and staphylococcal protein A gene (spa) typing, and strains were further characterized by their staphylococcal chromosomal cassette (SCC) mec type. Seven of the pulsed-field type lineages included both MRSA and MSSA isolates. Two community-acquired S. aureus lineages of importance were described. Within the USA400 cluster (sequence [8, 21] . Furthermore, CA-MRSA isolates associated with severe disease in Chicago were indistinguishable from MW2 [7] . USA300 (ST8) is the other community-acquired S. aureus lineage found widely throughout the United States [8, 22] . It is predominant in Houston and other regions in Texas, and it is also associated with severe disease, occasionally with fatal outcome [23] .
In a previous study, we noted that in the early part of 2000, ∼50% of the CA-MRSA isolates from TCH were USA300 [24] .
Since 2003, 190% of the pediatric CA-MRSA isolates analyzed at TCH were USA300/ST8 and characteristically carried the pvl gene (encoding the cytotoxin Panton-Valentine leukocidin [PVL] ) and the determinant for SCC mec type IV resistance [24] . Thus, in a short period of time, USA300 established itself as the predominant S. aureus clone causing infections among children who were cared for at TCH. A similar phenomenon of a dominant MRSA clone emerging in a community over a relatively short period of time has been observed by others [25, 26] . It is not known why USA300 is so capable of rapidly spreading in a community or why it causes infections seemingly more readily than do other S. aureus clones. The suggested role of PVL in enhancing the organism's ability to spread rapidly or to increase severity of invasive infections is under investigation [27] . Nevertheless, as in our first study [5] , a greater percentage of CA-MSSA isolates (8.2%) than CA-MRSA isolates (4.4%) was recovered from patients with invasive infections. The reason for this difference remains unknown but may be related to differences in the presence of certain virulence genes [24] .
Osteomyelitis and septic arthritis are among the most common invasive infections caused by CA-MRSA isolates. The strains with the pvl gene have been associated with more complications of osteomyelitis than have isolates without the gene-for example, deep venous thrombophlebitis, which has been rarely reported in children with S. aureus osteomyelitis, or the development of chronic osteomyelitis [11, 28] . CA-MRSA is now the most common organism isolated from children at TCH with pneumonia and empyema [29] . Myositis and pyomyositis caused by S. aureus have also been encountered more frequently since 2000; this may be related, in part, to the greater use and sensitivity of MRI in detecting these infections [30, 31] . However, it is possible that CA-MRSA and CA-MSSA strains that carry the pvl gene can invade and infect muscle tissue more readily than can pvl-negative strains. Extensive infections of the epidural space overlying the spinal cord and life-threatening infections caused by CA-MRSA isolates are now encountered with a greater frequency than was noted for such infections caused by CA-MSSA isolates at TCH in the years preceding this surveillance study or in large published series of children [23, 32] .
The clindamycin resistance rate among CA-MRSA isolates varies across the United States. Clindamycin resistance rates for both CA-MRSA and CA-MSSA isolates increased significantly over the 3 years of surveillance, although the rates were much lower than those reported in other areas [33] . We have also noted that the inducible MLS B resistance phenotype accounts for a small but growing proportion of communityacquired S. aureus isolates with clindamycin resistance. Inducible MLS B resistance has been significantly more common among CA-MSSA isolates than among CA-MRSA isolates at TCH. If clindamycin resistance rates continue to increase in our area, clindamycin will be less useful for empiric treatment for suspected S. aureus invasive infections, and alternative antibiotics, such as linezolid, will be used more commonly [34] . The antibiotic-susceptibility patterns of community-acquired S. aureus isolates are critical to monitor, but it is unclear how this can be accomplished at a local, state, or national level. The Centers for Disease Control and Prevention and other agencies are discussing how this type of information can be made available to primary health care providers so that the most appropriate antibiotics can be selected for empiric treatment of the wide variety of infections caused by S. aureus.
CA-MRSA infections are now encountered in many communities in the United States as well as throughout the world. At TCH, the percentage of community-acquired S. aureus isolates that are methicillin resistant has increased yearly and is now 175%. Furthermore, the absolute number of CA-MRSA infections has increased 12-fold, and the number of CA-MSSA infections has almost doubled over the 3-year period of surveillance. A single clone of CA-MRSA has become dominant and is responsible for an increasing number of cases of invasive infection. Physicians caring for children throughout the United States and the world are likely to face the same problem with CA-MRSA that we have described in this report, as the USA300 or other CA-MRSA clones are introduced into their communities.
